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Title: DNA sequences encoding carbohydrate polymer: 
synthesizing enzymes and method for producing transgenic 
plants. 




This invention relates to nucleotide sequence^ . ~ v . ^ 
fructan synthesizing enzymes, a recombinant DNA ^-sequencel;-^ ; MwMf 
comprising one or more of said nucleotide sequences, a method; : ^ 
for producing a genetically transformed host organism showing 
a modified fructan profile, and transformed plants or plant-, 




10 parts showing said modified fructan profile. r 

Fructans refer to a group of carbohydrate compounds in . y V;/ 



which one or more f ructosyl • fructose linkages constitute. a; :i i%lf^||^| 
majority of the linkages. Fructans are f ructosepolymersv withal ; l^l^fllfil 
usually, but not necessarily, one terminal glucosylunit [G-^ ; - ' vjj^WI^'^ 
15 (F) 0 , G - optional, n*2] . The f ructosyl -fructose linkages, ink > ^^f^S^i 
fructans are of the £-2,6 or S-2,1 linkage type. Fructans with 



predominantly £-2,6 f ructosyl- fructose linkages are usually; 
called levan(s). Fructans with predominantly 6-2,1 f ructosyl-- 1 
fructose linkages are usually called inulin(s) . ^ 
Fructan biosynthesis is common in several bacterial; fungal-/.: 

■■ ■ .... '-y ' : r-*?. < ^ • rl^fillti 

and algal families and also in specif ic. plant^a^ ii^tSll 
as the Liliaceae (e.g. Allium cepa ), Poaceae {^^Jjptewks. • ^Sfcljffil 
perexme) and As teraceae (e.g. Helianthus, , tru^erqsus) ^ : - 
function of fructans in bacteria and fungi ..is poorly. " " ' 7 



extracellular stores of carbohydrate that can be mobilized * 



25 understood. It has been suggested that fructans „act^ ^as'v ;*7/^p^i|8 
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during periods of carbohydrate stress (Jacques / ' 1993 j'V ;I 
plants, fructans can function as reserve carbohydrates which 
serve as a source of carbon for (re) growth (Meier and Reid, 
1982). In fructan- storing crops, fructan synthesis is 
restricted not only to specific organs (e.g. the stems or 
tubers of H. tuberosus, the bulbs of Allium spp, the leaf 
bases and stems of grasses) but also specific cell types 
within these organs (usually the parenchyma cells). In these 
specific cell types, the vacuole is probably .the location of 
both fructan biosynthesis and storage (Darwen and John,. 1989; 
Wagner et al. # 1983). 

In bacteria, examples of fructan synthesizing bacteria •are i /^fir? 
Streptococcus mutans and Bacillus subtilus, the biosynthesis 
of fructans from sucrose is catalysed by only one;-' 6iiz5™^ 
levansucrase (EC 2.4.1.10) in B. subtilus (Dedonder^l<9£6)*< ahd^if 
levansucrase, but also called f ructosyltransf erased' KF^fMegSp ^ * 
2.4.1.10) in S. mutans (Carlsson, 19.70) . .Ba^erial^ffud tariff pit 
synthesis proceeds via the direct transfer .of ^wt^^i^pi. 
donor- sucrose (G-F) to sucrose or other acceptor molecules ; 



20 according to the following reversible reaction: 



25 



30 



35 



n(G-F) + acceptor «* n(G) + acceptor- (F) n , 
where n may be larger than 10.000 



(1) 



Water, hexoses, sucrose, oligosaccharides an4 r levai^^^ 
as acceptor molecules for fructosyl .. .. % units.\ f rqm^.sucEpse i : : ^KfB 
(fructosyl donor). 

Bacterial DNA sequences encoding FTF in ; ,S.. ^.i^utaJ3^^and^!|fe 
levansucrase in S. subtilus are already described . in ^ the 
literature (Sato and Kuramitsu, 1986; Steinmetz et..al. .19851. 
Bacterial genes from several sources. ,wer;e t used^^^t^^formj 
spec i f i c host pi an t s whi ch normal ly .^can^ 
fructans, thereby inducing fructan synthesis r ^(s4e. f or^exa^ie:^}' 
Van der Meer et al. # 1994; Ebskamp et.al., 1994 : U V A vm%tl^^to v '^ : ^| 
enhance the solid content of tomato fruits, using_ -.. the 
levansucrase gene from B. subti2us and the dextransucrase gene ; ] ;| r |f^ 



from Leuconostoc mesenteroides is described in application WO 
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89/12386. A method to modify the fructan pattern in plantis^ 
which normally cannot synthesize fructans, using the 
levansucrase- encoding f tf gene from S. mutans and the 
levansucrase- encoding SacB gene from B. subtil us is described 
5 in applications NL A 9300646 and WO 94/14970. The use of a 
levansucrase- encoding DNA sequence from Erwinia amylovora, 
which after integration in the host plant genome leads to the. 
synthesis of levans, is described in DE 4227061 Al and WO A 
9404692. In all said applications, transgenic plants are 

10 described which are transformed with levansucrase genes from 
bacteria. Accordingly, these transgenic plants synthesize and, 
accumulate fructans structurally comparable to those'-"'' 
synthesized by the donor bacteria (Van der Meer et al., 1994; 
Ebskamp et al., 1994). 

15 The present application differs from said applications:; zizM 

that it is related to f ructosyl transferase -encoding ■•■"\6nA;v v 
sequences derived from plants. These enzymes,, are^stru^tuy^l^ \ " 
different from bacterial enzymes since there is no significant, 
homology at the amino acid level and DNA level. Besides* the 

20 mechanism of fructan biosynthesis in plants is essentially^ 
different from that in bacteria. In contrast to , fructan, . 
biosynthesis in bacteria, the formation of f rnac tans ;.±n^ $&ant j 
is mediated by more than .one -. : enzyme. - gof^.* \ 
Helianthus tuberosus (the Jerusalem Artichoke k>> ' ^i^dtaniv'' r ' I 

25 biosynthesis is catalysed by two enzyme^ : c sucrose.: sugros^| . ; 
fructosyltransf erase (SST, EC 2.4.1.99) and fructan : fructan. : 
fructosyltransf erase (FFT, EC 2.4.1.100) . The SST and FCT,.frqm^: 
H. tuberosus are involved in the synthesis of G-2,1 linked,' ' 
fructans (inulin) and are therefore also designated as 1- : SST 

30 and 1 - FFT . 1-FFT has been purified from tubers of H. tuberosus • 
(Luscher et al., 1993, Koops.,and . Jpi^r^^S^ 
purification of SST has proven more dif f icult. : ^ 
putative SST has been purified, at. a very, low yield, 
several plant sources (Shiomi and Izawa, 1980; Praznik et all,,*. 

35 1990; Angenent et al . , 1993). However, in none^ J of r ...thes% ; 
studies the purity of the enzyme has convincingly been shp^a., ? : : 
Furthermore, it has not conclusively been shown .in: thes,e, 

" i 
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studies that the isolated enzyme does not " represent^ " art* 
invertase . 

Large quantities of l-SST and 1-FFT have now been purified 
up to homogeneity from tubers of H. tuberosus (1-FFT: Koops 
and Jonker 1994) and their reaction mechanisms extensively 
investigated. l-SST from H. tuberosus catalyses the initial, 
step of fructan biosynthesis, the synthesis of the 
trisaccharide 1-kestose (1-[G-(F) 2 ]) from two molecules of 
sucrose (G-F) , according to the following reaction: 




G-F + G-F -* 1- [G- (F) 2 ] + G, (2) 
wherein G-F = sucrose, -F = f ructosylunit , 
G ■ glucose 



■G a glucosylunit, 

l-SST can also catalyse the f ormatioiiih 
tetrasaccharide 1,1- [G- (F) 3 ] and pentasaccharide l/i; l- 'tG^CF^^^Mfew 
(Fig. 3A) . Therefore, l-SST activity can be described;^$i^ r " the^*f^^'|| 
following general reaction: 



20 G-(F) n + G-(F) m - G-(F) 0 ., + G-{F) n+1 , l*n*3, l*ms3 (3) 



It has also been found that 1 - SST,. f rom ,H., ^t^^B^l&^jf ^PKt^^P^f 
extent can catalyse the transfer from, : a f ^£tpg£l^ 
(F) 0 , lsn*3, onto water. , f , , ri . ^ ^>£^S|sV * 

The second enzyme, 1-FFT, catalyses .the, fdtmkiidn "of /- ; ^^^|^ 
fructans with a higher degree of polymerization. This enzyme 1;| 
catalyses a polymerization reaction by the transfer';^ of .' ^|?||^ 
fructosyl units between trisaccharides, tetrasaccharides. and 
larger fructose polymers according to the following general 
reaction: ■ - i 

G-(F) n + G-(F) m - G-(F) frl + G-(F) m+I , . n*2. f *m ? 2(4V ■ iXlih^S^ 




It has also been found that 1-FFT catalyses the transfer of 
fructosyl units between sucrose (G-F) and galactose (Gal)-,S%^*^ 
containing carbohydrates [ (Gal) n -G-F] , also called galactans . 
For example, 1-FFT can catalyse the transfer of . a fructosyl. 

: - ■ ' 1 : - 1 

•23!i 




■» ■. i' '. - 

unit from G- (F)j onto raffinose (Gal-G-F) which results iii 4 trie l'\ 
formation of [Gal-G- (F) 2 ] • It cannot be excluded that both 1- 
SST and l-FFT from H. tuberosus can use other substrates as 
fructosyl acceptor. 
5 Although 1-SST and l-FFT have some overlapping activity - 

both enzymes can catalyse the formation of tetra ,and 
pentasaccharides (reactions 3 or 4) - 1-SST and l-FFT are 
distinctly different enzymes. The 1-SST and l-FFT proteins 
have different physical properties and are encoded by 
10 different genes. 1-SST and l-FFT have essentially different 
enzymic properties. l-FFT is not able to catalyse the initial ... 
step of fructan synthesis (reaction 2) , whereas 1-SST is not 
able to catalyse the formation of fructan polymers . with- ar^j 
degree of polymerization higher then 5 [G- ( F r Qf ^>^l| f 
15 conclusion, with 1-SST activity alone, it is only " possiBlji^S:!! 
synthesize oligof ructans from sucrose with a ■ degree y t of \ ; : 
polymerization of up to 5 [G-(F) 0 , 2sns4] . To - synthesize! / 
f ructans with a higher degree of polymerization and u^ing. 
sucrose as a substrate, both l-SST and l-FFT are needed^ -Wit j^. , 
20 l-FFT activity alone, it is not possible to synthesize 
f ructans from sucrose. It was found by the present -inventor'sV- i 
that protein fractions containing purified l-SST ^as^^i^i^as'^ ' 
purified l-FFT could use sucrose as a sole, .^substx^te *-^^ ,: ;tj|i^|^ • 
synthesis of f ructans with a degree of polymeriazation^^ 
25 least 15 [G-(F) l4f Fig. 3B] . . . v 'r 

Bacterial f ructans differ from f ructans in plants with, 
respect to the degree of polymerization and branching, .tzjrp^ ,. 
and, consequently, in chemical and physical properties. In ; 

general, f ructans from plants are assembled -from lesswthahV ! 

30 1000 fructosylunits. Fructans from H. tuberosus^ are asse^ied^ y l 
from less than 100 fructosylunits... Fructans ^9^t^g^^^p^/\i'i 
bacteria may comprise more than 10.000 fructosyl ,un4^ rr , mant^- : 
and bacterial fructans therefore differ in their., possible. ; 
applications. For fructans with a relatively low degree, of ? 
35 polymerization, such as those isolated from Asterac^a^ {e.g,^ , 
Jerusalem Artichoke, chicory or dahlia) , an application as. 
ohosDhate substitute in calcium binding agents., and r detergents^ 
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has already been worked out (W091/17189) . Other applications ^ ■ m 
are related to the organoleptical properties of fructans. The 
sweetening strength of fructans G-(F) n decreases with an 
increasing degree of polymerization (increasing n- value) . The 
sweetening strength of the oligof ructans G-(F) 2 and G- (P) 3 
approximates that of sucrose (G-F) . The very long chain 
fructans such as those occurring in bacteria are not sweet at- 
all. Very short chain fructans, such as those synthesized by 
sucrose: sucrose fructosyltransf erase can therefore be used as 
sweeteners with the additional advantage that these sweet - 
tasting fructans are non-cariogenic and can withstand 
digestion in the digestive tract of humans, which ^opens 
possibilities for use as a low caloric sweetener>:?fT^ ; •Isriqrfe 



chain fructans, and also the longer chain ' f !rucfa!ri^i|iif blPipiili 
used as the hydrophilic moiety of biosurfactaKts J f * * ' ^!h1r^ ] tW^^BlWl 
In contrast to the bacterial genes encoding levansucrase#%l^|^ffi 
which have already been cloned, the genes encoding SST 4 ahd : FF^ 
have not been isolated before from plants. We found, that thtt"v : tt":Vtofl 
SST and FFT- encoding genes from plants, at the., amino; -at id ^ ? !fP 
level, have no significant similarity .to the ;<i known; ; ^ T -| 
levansucrases and, 
degree of homology 




bacteria. It has also not been possible to, isolate. SST;. and.f : %^:^^^ 
FFT- encoding genes from plants using the amino acid^se^ 
of the purified SST and FFT enzymes and their ;;..djsd\ibed^ "t^^ffl 
oligonucleotide primers. The reason for this is . that al thgugh^ : H s 
methods have been described for. the purif icati^^ 
transferases from plants, it has not., be,en. pos&ibi^i|sqil^a^| tern 
obtain SST and FFT enzymes in suf f iciently ,.larg^ 

with sufficiently high degrees of purity. ^^af^fctfw". ^ftll 

The object of this invention is to provide nucleqtide^' 

sequences encoding SST and FFT. ; r -.^v 

Another object of this invention is to provide nucleotide 

sequences, obtained by recombination or mutagenesis^ f of 

nucleotide sequences encoding SST or .f;ft, ;whi£h-^ 



44 




having fructosyltransf erase activity. 

Yet another object of this invention is to provide a method 
for transforming non- fructan synthesizing crops into fructan - 
synthesizing crops by introduction of the SST and/or FFT- 
encoding genes. 

Yet another object of this invention is to (partly) switcfr 
off the fructan synthesis in crops which normally synthesize 
f ructans . 

Accordingly, this invention provides a DNA fragment having 
a nucleotide sequence SEQ ID. No. 1, as shown in Fig. 4A, or 
a homologous sequence having a degree of homology of at least 
70% which encodes l- sucrose: sucrose fructosyltransf erase .:-.•:» 
Further, this invention provides a DNA fragments 'havangH:a^ 7 | 
nucleotide sequence SEQ ID. No. 2 as shown in^#f|^^>|^r; 
homologous sequence having a degree of homology df ai-vleasfc^ 
70% which encodes 1- fructan: fructan fructosyltransf erase. 

1- Sucrose: sucrose fructosyltransf erase (l-SST) and 1- 
fructan: fructan fructosyltransf erase (l-FFT) were _pur£f ied? 
from tubers of Helianthus tuberosus. Purified enzymes wer^ 
cleaved into peptides by tryptic digestion, and. the.. resulting , 
peptide mixtures were separated by HPLC. N -terminal amino, gcid^l 
sequencing was performed for selected, peptides^ jj^ 
sequences specific for l-SST and l-FFT were ^iBedr^^^e^^^^.. : 
degenerated oligonucleotide primers specific for l-SST and lr l\ 
FFT, respectively, for use in RT-PCR. PCR was performed using, 
cDNA as template, a tail -specific primer and the degenerated, 
primers specific for either l-SST or l-FFT. First-strand cDNJi ! 
was synthesized from poly(A) + RNA isolated from tubers^f ^om 
tuberosus. With the 1 -SST- specif ic primer, RT*gCR^ 
a 450 bp specific fragment. With the 1 -,F£TV specif |c;;,|^np^Y 
RT-PCR resulted in a 800 bp specific f ragmen t^ , : The ^50»^d^jj^^. 
bp PCR fragments were subsequently used k to screen r a.. v cDNA ;\ 
library made from H. tuberosus tubers to isolate; the full„ 
length cDNA sequences encoding l-SST and l-FFT, resp^ct^ivel^^ 

The SST and FFT- encoding sequences from plants of ~£he/' ' 
present invention induce, after insertion into th^ ; gejicroe -.of... 
a host organism, for example a plant ,>. r .e)^ggs^.$Q? ;:^th^ >i 
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concentrations of 
fructosyl unit 




- 8 

carbohydrates containing at leasts-one: 
(sucrose, oligof ructans, fructans or 
galactans) , or cause a change in the degree of polymerization 
of oligof rue tans, fructans or galactans. The present invention 
is related to said carbohydrates, since sucrose is the 
substrate for SST, oligof ructans are products 1 of ■ SST; 
oligofructans and fructans with a higher degree of 
polymerization are substrates and products of FFT. Besides, 
said fructosyltransf erase enzymes can also perform 
transfructosylation reactions with galactans of the raffinose 
series as f ructosylacceptor . 

The present invention includes DNA sequences which iare; at 
least 70% identical to the 1- SST- encoding se<^eriqe 
tuberosus, irrespective of whether the homb_ _ ^ _ _ _ - _ ^ _ - - 

at 



15 are derived from other plant sources, or obtained- 




z It i is v most u .>u- , 



mutagenesis of fructosyltransf erase -encoding sequences: .if rom-; 

plant sources or from microorganisms. It is preferred .thajt.the; 

degree of homology is at least 80%, more pr e f er r ed tfca^ •-. thej/! : ^t^l|M 

degree of homology is at least 95% and still, more preferred 

that the degree of homology is at least 9$,% 

particularly preferred that the degree of £ ; qmp£|^^ 

95%. V * 

The present invention includes DNA sequences. 

least 70% identical to the 1- FFT- encoding sequence : -f rpm^H . ;^;f?*5p f0$ 

tuberosus, irrespective of whether the homologous, seq^enices^ 

are derived from other plant sources, ,,or f .obtained^ by ^iSr^^fi 

. • „■ t • > * -a* mrtc . *y ^f^?l^ 

mutagenesis of fructosyl transferase- encoding sequences from *.* 
micro- organisms. It is preferred that the degree , of. ^homology , . . .7*7; 
is at least 80%, more preferred that the r degree ;qf^h<^ 
at least 85% and still more preferred that, r ttie^ 
homology is at least 90%. It is most, .particularly.,,!^ 
that the degree of homology is at least 95%... ; , W^-^ t'sp^ll^ 

The present invention includes also DNA sequences obtained^ ^ 
by in vivo and in vitro recombination using .SST . # and/on-^F£X-^1^^|i 

encoding sequences from- plants and fructosyltransf erase- / 

."*■■' • hx 

encoding seouences from other prokaryotic,,. or ,eukaryqti.c 

sources, including bacteria and fungi.. ., h^.iUft^^ 
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The present invention relates to SST- encoding DNA sequences 
from plants, which after insertion into the genome of a host 
organism induce the synthesis of oligof rue tans comprising of 
2, 3 and/or 4 fructosyl units [G-(F) 0 , 2sn*4] . The present 
invention also relates to FFT- encoding DNA sequences from, 
plants which after insertion into the genome of a host 
organism together with SST- encoding DNA sequences, induce the 
synthesis of fructans with a higher degree of polymerization 
[G-(F) 0 , n>4] 

The present invention also relates to chimeric gene 
constructs comprising sequences encoding SST or FFT, or part 
of the sequences, the sequences being present in the antisenisfel 
orientation. Introduction of these antisense cons t ruct st v±n& 




r; : t V- 



Mil 



plants which can synthesize fructans, will cause i r rii mm 
SST or FFT catalysed reactions or cause inhibition of SST or ; ^ 
FFT expression . 

The present invention relates to chimeric gene^ construct si 
encoding SST, or part of the sequence, the coding sequence' - 
being present in antisense orientation. Introduction -of^these^ 
antisense constructs into the genome of hqst ; .plsuats*^ 
synthesize fructans, such as species . of ^t^^^^Jt^^i^^^H 
Liliaceae and Poaceae family, reduce or. block 5 ^bje Tgj&mi^afe^^^^^ 
of sucrose into oligof ructans [G-(F) n , 2 «n*4 ]....., Since onl^y, SST^/ 
is able to catalyse the first step of fructan , .synthesis., 
(reaction 2), in such transgenic plants, also the synthesis; of { 
fructans with a higher degree of polymerization, [G-"(P)-^-n^3^i^- 
will be reduced or blocked and these plants will jaccuniulate x . 
sucrose rather than fructans. ;;-;<^;:< in ^^^^4 

The present invention relates to chimeric^ gene ^coiist^t^^vH 
encoding FFT, or part of the sequence > : the v c.^i^ 
being present in the antisense orientation. Introduction^ of^ 
these antisense constructs into the genome of host plants 
which can synthesize fructans, reduce or block the conversion - 
of oligofructans [G-(F) 0 , 2sns4] into fructans with a lii^ep! ' 
degree of polymerization [G- (F) 0 , n>4] . Transgenic plants -thus^. 
obtained will accumulate oligofructans, raither i £hari :i gr|^|^^i/| 
with a higher degree of polymerization.. - 1 \^^^^^^^f t 

■ . .. - -mm 
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Accordingly, the present invention provides -a y t^&i6&^ f<^!^^^^^ 
producing a genetically transformed host organism showing a 
modified fructan profile, which comprises the steps of: 

i) preparing a chimeric gene construct comprising one orv^i-rHV" 
5 more DNA fragments as defined above, or. said DNA\ ; ; } : I. 

fragments in the inverted orientation, operably linked i : ' 
to a promotor sequence active in said host organism and : 
a terminator sequence active in said host organism, 

ii) introducing the chimeric gene construct into the genome •' 

10 of the host organism. ' y ^ 

The host organism may be a microorganism or a plant. In 




15 plants. 'Wl 

• More specifically the method of the invention comprises the^'**^$| 
following steps: -^L- 
a. construction of a chimeric gene comprising .essentially ^-^-t 
the following sequences: , ■-■»••;. • • * 

20 a promoter which ensures^^the \£ ormafei'ori* 4 - w-b-fe r au^^feli|&y 




a DNA sequence encoding SST or FFT, y: OT , :y:ilmv , 
a transcription terminator operationally .connected- 

to the DNA sequence, the SST or EFT-encpdin^^..CNi^^^i0i| 

• * : -'^ ~-: r v» ,fc * * tpv^y: s^fes 
sequence being functionally connected to a promoter/ • ^T#5SJ 



a DNA sequence encoding a targeting .. .signal: or a. 
transit peptide which 
FFT to a specific subcellular 
30 b. introduction of the chimeric gene, .into'; 

host organism so as to obtain genet 
comprising the DNA sequence and 
c. regeneration of the genetic material in a transf ;qmed : j { ^|^| 
host organism. , r - ; * .^^fc 
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regulatory sequence that ensures proper expression of the -T)ti& J I 
sequence in a host organism, such as a bacterium, a yeast, an 
alga or a plant, at a sufficiently high expression level. 
Regulatory sequences are a promoter, a termination signal ^arid 
a transcription or translational enhancer. A promoter can be 
the 35S promoter of the cauliflower mosaic virus (CaMV) , or a 
sugar- inducible promoter like the patatine promoter or an 
organ- specif ic promoter like the tuber- specif ic potato 
proteinase inhibitor II promoter or any other inducible or 
tissue -specific promoter. 

In the recombinant DNA of the present invention, the SST or 
FFT-encoding DNA sequence is preferably linked to^'*x6 : tfui^ioly^' ' 
sequences that are operative in plants and that ensuref^pi:^e^t|\ 
expression of the DNA sequence in the different pjM^rf^i^^;^ ' 
tissues or cells. A highly preferable promoter is a promoter:: 
which is active in organs and cell types which normally., 
accumulate sucrose (the primary substrate . f or . f roict^nl^ 1 
synthesis) . The production of fructans is particularly/ 
advantageous in organs storing large amounts, of .sucrose,? >s^ch j 
as the tap roots of sugar beet or the s t tems. T -.of • Uiuga^ifc^feC^- 1 
Besides roots, other organs or cell types .are ' iii^l^d^^^h^4 4 
synthesis, processing, transport and accumulation of :i ^utiobk\:J y ' ! 
Therefore, SST or FFT-encoding sequences are. also suitably^ • 
expressed in leaves, stems, roots, tubers, reproductive* 
organs, and seeds. . _ ^ ( 

In the recombinant DNA of the present invention, the DNA 
sequence encoding SST or FFT contains, or. % is. linked, ta, : ,,^ 5 
sequence encoding a transit peptide which .directs. ; the:^isS^or|/ ^ T 
FFT mature protein to a subcellular cp^artmen|j r ^c^^^^^^ ; 
sucrose. The production of fructans is, . particularly 
advantageous in the vacuole which can accumulate very.. Jiigh*: 
concentrations of sucrose (up to 900 mol m" 3 ) Besides .the, 
vacuole, other subcellular compartments are involved in t ,t:he^; : v : 
synthesis (cytoplasm), processing (cytoplasm, mitochondria, 
plastids) and transport (cell wall, cytoplasm) of ; sucrose . XKe v ; 
present invention therefore relates to the^use.-. o^;;^(||^^g.e6 >• t ~ 
that allow targeting of the SST or FFT r pro^ct Vj ^^0|^p ; 
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subcellular compartments, such as the vacuole, the cell wall, 
mitochondria, plastids and cytoplasm. 

The present invention also relates to gene constructs, 
comprising a sequence encoding SST or FFT, or part of the 
sequences, the coding sequence being present in the antisense 
orientation. In these gene constructs, the SST or the FFT- 
encoding sequence is preferably linked to a promoter that 
ensures the formation of an antisense RNA in the cell types 
which normally were able to synthesize fructans. 

The recombinant DNAs of the present invention may also 
encode proteins having herbicide resistance, pla.nt., growth, 
promoting, plant growth inhibiting, anti- 
bacterial, anti-viral and/or ant i -nematode' 
conferring stress resistance . The recombinant ^ T ra^^^f ^^th^l^llS 
present invention may further encode proteins which induce" 
sterility. In case that the DNA is to be introduced into, ^flf^lft 
heterologous organism it may be modified to remove knbim'mRNA^ ^ ^ 



instability motifs (such as AT rich regions) ; and 
polyadenylation signals, and/or codons. .which : are 
20 the organism, into which the recombinant 

inserted, are used so that expression of the thus 
in the host organism is higher than . .that 
expression of the unmodified recombinant DNA in the. same host 
organism. 




ob.taiaeti ^ byf;.^ ^| 

he same hrtfit^'' ^^''^ 



The present invention also provides the transformed h'bst ,vr ^ 



organism, especially a transformed plant, produced., py the. 
above method. The invention preferably includes a^r^<jj|il ^^1 .Mt i^ll"^^ 
forage, vegetable, ornamental and, fruit crop.%# ^m9^p^i||i|a^|..^ 
sugar beet, sugar cane, potato, petunia,, alt al jf a£ \ \%ay^kn ^ ^ 
rice, ryegrass, thimothygrass, wheat, barley, .. sorghum, n^ze,f"^fe|M 
chicory, Jerusalem artichoke, tulip, melon, onion,. u garlic, £"^ T *''** 
tomato, strawberry, apple and pear. Moreover, _the^ invent ^ior£i]"^^^ 
includes a plant cell, seed, fruit, seedling or any plant -part' 
harbouring recombinant DNA, comprising a sequence encoding. SST. 
or FFT as defined herein. Further,, this invention f^^^^l| c ^^ : |?^^ 
progeny of the transformed plants which ^ntain-t^^ 
incorporated and heritable in a Mendel ianmanner; 7 .an^ 
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seeds of such plants and such progeny. 
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EXPERIMENTAL 

5 Purification of 1-SST 

Tubers of JJelianthus tuberosus 'Colombia' were used for the 
extraction of 1-SST and 1-FFT. Tubers were harvested in 
August -September, during the period of rapid tuber growth and 
massive fructan accumulation. Tubers were washed and frozen in 
10 liquid nitrogen. Four hundred gram of frozen tubers (-80°C) 
were pulverized and immediately thereafter homogenized;, in . a .< 
Waring blender in 900 cm 3 50 mol nf 3 phosphate (P)' 'btff f ^V|:pi^| j 
6.5, containing 10% (w/v) glycerol, 1 mol irf 3 MgS0 4 , 1 moL m" 31 ^ i 
Na 2 EDTA, 1 mol m' 3 PMSF (Sigma, USA) 1 mol m' 3 DTtF^rSV^wyv) 
15 PVPP and 20 mol m' 3 Na 2 S 2 0 5 . The homogenate was filtered through;. 
three layers of Miracloth and centrifuged at 17,000 g for; l. K 

The protein extract was kept at 4°C and adjusted to 45% 
saturation with (NH 4 ) 2 S0 4 . The insoluble proteins were pelleted" j 
by centrifugation (10,000 g, 30 min) and discarded. tfieVv£5% 
20 supernatant was brought to 70% saturation by furthea^a^^ 

of (NH 4 ) 2 S0 4 . The pellet, obtained after a second centrifugation 5 . 
step, was redissolved in 60 cm 3 50 mol m° phosphate (P) buffer^; 
pH 6.5, 1 mol m* 3 DTT and 1 mol m' 3 PMSF (Sigma, USA^^^andv , 
desalted by dialysis against 10 mol m' 3 P-buf fer, ,-pH- G^^i^V^d^^ : 
25 nr 3 PMSF and l mol nr 3 DTT, for 16 h. After buffer replacement,- 
dialysis was continued for another 3 h. The wholes procedure^ 
was performed at temperatures between^ ; 0 Wrand ■••B;^$G^^ ; S|^t : % rf " 

§£ . 



30 



r. 
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mm 



centrifuged dialysate (30,000 g, 30 min*) was^ applied^Q^q t 



25x120 mm Q Sepharose Phast Flow column (4°C) , which had been J 
prewashed with 10 mol m-3 bis Tris, pH 6 .5, 1 inol m' 3 DTT; l\moL 
m* 3 PMSF and 5 mol m° EDTA in Milli Q water. Bound proteins^wjs^e^v. 
eluted with an NaCl gradient (0-300 mol nv 3 ). in the^samejrb^fe^i^V 
at a flow rate of 5 cm 3 min* 1 . 1-SST eluted at 200-250 mol .rni 
NaCl . is %>: t ■ sj a> \ ?V.c4ri- * 

The Q Sepharose fractions were adjusted to 40%m©l /ift^wi^G^/ /}. 
solid (NH 4 ) : S0 4 . Fractions of 20 cm 3 were loaded tonto^ 
mm column of Phenyl Sepharose High Performance or Phenyl. i ... - 
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Sepharose High Substitution, which where pre- equilibrated* with '*p 
10 mol m' 3 bis Tris buffer, pH 6.5, containing 500 mol rrr 3; 
(NH4) 2 S0 4 , 1 mol m' 3 DTT, 1 mol m° PMSF, 2 mol m' 3 EDTA and 0.1% 
CHAPS (buffer A) at 12 °C. Elution of bound proteins- was 
carried out using a linear gradient of buffer A (100-0%) 
without (NH 4 ) 2 S0 4 , containing 25% (v/v) ethylglycol, at a flow 
rate of 1 cm 3 min* 1 . 1-SST eluted at 100 mol m" 3 (NKJjSC^. 

Phenyl Sepharose fractions up to 10 cm 3 were injected onto 
a 5 x 50 mm Concanavalin A Sepharose column, prewashed in 20 
mol m' 3 bis-Tris, pH 6.5, 250 mol nr 3 NaCl, 0.5 mol m" 3 CaCl 2 , 0.5 
mol m' 3 MnCl 2 , 1 mol m* 3 DTT and 1 mol m* 3 PMSF. Bound 1-SST -was- - 
eluted with 500 mol m° or-CH 3 -mannopyranoside ; iri *i ih^^amMjiffifll 
buffer. 

Active fractions of one Concanavalin A-run 
applied to a 5x200 column packed with spherical (15 /im)"^- M 
hydroxylapatite (Merck, Germany) . The column was^^Rre.^^^^ 
equilibrated in 2 mol m* 3 CaCl 2 , 10 mol nr 3 NaCl ,* 1; . m6i^k§pTT;'\ 
1 mol m° PMSF and 0.1% CHAPS (buffer A) . ■ Proteins abound &qj,;thf* - 



wer^"ptfol;ea :and 




Active fractions of one hydroxylapatite run* were pobl^d.^andv^^i : i^^& 
applied onto a 5x50 mm Mono Q- column which was. • pre- : - : * ^ ? ^$!tS 
equilibrated with 10 mol m° P-buffer, pH 6.5, V ,A n)(^^|f^. 



25 mol m' 3 EDTA and 0.1% CHAPS. Bound proteins were eluted^with' an 
NaCl gradient (0-500 mol m" 3 ) at a flow rate of ^0.5 cm^min: 1 ;. 1-5 



SST eluted at 250 mol m° NaCl. \ ^ ^a>i^^ 

All columns, column packings and chromafc^ 
were obtained from Pharmacia (Sweden) , unless indi€aLted^^B4H||H 



30 otherwise. 



Purification of 1-FFT 



A crude protein extract was obtained from tubers -of' ■ h/" 
tuberosus as described for the purification : pf : lrSJST;^Thei" 
supernatant of the crude protein extract ^.(as^ipkjtol-i^^^^es 
centrifugation was adjusted to 45% saturation3with ^^(g^^jll^^ 1 ?^ 



stirred for 1 h. The insoluble proteins ■ wece :> i^ll^ 
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centrifugation at 10,000 g for 30 min. The pellet' was 
redissolved in 60 cm 5 50 mol m" 3 P-buffer, pH 6.5, 1 mol m* 3 DTT 
and 1 mol m" 3 PMSF, and dialyzed overnight against 10 mol m' 3 
citrate/phosphate (C/P) buffer, pH 4.5, containing l mol .nf 3 
5 PMSF and 1 mol m~ 3 DTT. The contents of the dialysis tubing was 
readjusted to pH 6.5 with 0.2 M Na 2 HP0 4 and the insoluble 
proteins were removed by centrifugation at 30.000 g for 1 h. 
The supernatant was loaded onto a 25 x 120 mm column of Q 
Sepharose Phast Flow (Pharmacia) pre- equilibrated with 10 mol 
10 m* 3 P-buffer, pH 6.5, 1 mol m* 3 DTT and 1 mol m* 3 PMSF in Milli 
Q water ( (Millipore B.V., The Netherlands). The column.! was 
cooled to 4°C. Bound proteins were eluted with a positi^ r N^ 
gradient at a flow rate of 5 cm 3 min* 1 . l-FFT eluted at 200-250 
mol m- 3 NaCl. ••'r.f&WW%: V| 

15 Solid (NH 4 ) 2 S0 4 was added to the Q Sepharose fractions, to 

give a final concentration of 750 mol m° with. Fractions of /■ 5^ 
cm 3 were loaded onto a 15 x 50 mm column of Phenyl; Sepharose: 
High Performance (Pharmacia), pre -equilibrated with 10^ mol :nt;?r 
P-buffer, pH 6.5, containing 750 mol nr 3 : (NH^SOj nand n^m^rW\- 

20 DTT. Bound proteins were eluted with a: negaiti^ .''^i^jfsc^- 
gradient at a flow rate of i cm 3 min* 1 at 12 °C. l-FFT eluted' atk 
450-400 mol m* 3 (NH 4 ) 2 S0 4 . ^ ; l'lblW 

Phenyl Sepharose fractions (up to 4 cm 3 ) were injected onto./- 
a Hiload 16 x 600 mm Superdex 75 prep grade column ( : Pha r :nrac^ 

25 pre -washed in 10 mol m* 3 P-buffer, pH 6.5, and 1 mol m' 3 ..DTTC 
Proteins were eluted in the same buffer at a flow-: rate of *-Pi.S?/' 
cm 3 min' 1 at 20°C. l-FFT eluted 95-105 min af terTinj*ect3Id^^^ 

l-FFT and 1-SST assays : :'Xs '?riQ* 

30 The l-FFT activity of column fractions was routinely- 

assayed at 35 °C. Aliquots of 25 mm 3 were mixed with: 25:.mm? u0;v3^ 
g Neosugar P (Meiji Seika Kaisha, Ltd, Tokyo, Japan^Ntedsugs^j-:- 
consists of 1% hexoses, 4% sucrose, 42% G-(F) : , 44% G,- (Ely and. 
7% G-(F) 4 ) per cm 3 of 100 mol nf 3 C/P-buffer, pH 6 .5 . JAf^r-^hr 
35 the reaction was stopped by boiling the ineubatdpijitjnri^ 

a waterbath for 5 min. A net gain of GF 4 was taken ,as$a mje^g&r^' 
for l-FFT activity. 3;. 
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For l-SST activity, 15 mm* column fractions were mixed with 
15 mm 3 500 mol m" J GF in 100 mol nr 5 C/P-buffer, pH 5.0 and-, 
incubated for 3 h at 35°C. GF 2 synthesis was taken as a measure : \ 
for l-SST activity. 
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Analysis of sugars and f rue tans 

Sucrose and oligof ructans were analyzed by RP-HPLC using a 
2.1 x 220 mm Speri-5 RP 18 column (Brownlee Labs, Santa 'Clara-, 
USA) . Milli Q water was used as the eluant at a flow rate of 
0.3 cm 3 min' 1 at 37°C. Glucose and fructose were quantified on 
a 6.5 x 300 mm Shodex SC-1011 column (Millipore BiV. , Waters, ^4Uv! k 
Chromatography Division, The Netherlands) run at'V ' 8:5.°/C^'with^:'W#^fl^M 
Milli Q water at 0.75 cm 3 min' 1 . Sugars were detected with a?^]v . k ' ;i 
2142 refraction index detector (RID, ^Pl^rmicia) ^i^lfe 
Identification of oligof ructans was by comparison : of '^^^.^^^j^H 
retention times with those from the ol igofruc tans puri i ; fie&"^ ""^ 
from Neosugar P or from H. tuberosum .and - by:j \the- ; • 
glucose/ fructose ratios of the individual roligofp^ 

and Jonker, 1994) . . . - ^..^'fe^-i, .lli^fellS 

HPAEC analyses of oligof ructans and f ructans with.a higher ! ;^^||S 
degree of polymerization were performed on a Dionex Series^v^^^^ 

*,V ' k i c k? : 'H^;$ 

4000 ion chromatograph equipped with 250 x 4 mm CarboPac PA1; 
anion exchange column and a 25 x 3 mm CarboPac^ T PA^^arc^fr^^, |^ 
column. Fructans were separated with a 60 min\linear^gradxent ' v %Sw§| 
of 0.25 to 0.4 mol m° NaAc in 0 . 1 mol m* 3 NaOH at <a , flow .rate-. > vfeS 
of 1 ml min' 1 . Detection was by pulsed ampero^ 
a gold- working electrode . The applied pAtenti^ 

kept at 0.1, 0.6 and -0.6 V for 0.5-, 0.1 and. O^p'S ^sejslbtfc^s |^§^ 
respectively. Rhamnose was used as , an : intern$l : .^ 
Fructans were identified by comparison of. their- r.etfnt^on*vfl^ig 
times with those of fructan standards isolated, anpi purriif^edk^ra 
from H. tuberosus according to the method: ,o.f . .iieinge^n^lV^^ 
Praznik (1991) . - * ,3 



.:\k.: ^-!?t?r ru£ipaa.s ^f'r^^]^ 1 *^ 
Amino acid sequencing of l-SST and 1-FFT ; ii.r! > f ^i- 

Mono Q fractions of l-SST or Superdex. 75 .f r;actions.,of >^^feFTJ^I 
were desalted and concentrated by cenrrif ugation in.,CentrxconV.^i.iaB^«i!F 
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10 (2 cm 3 ) ultrafiltration devices (Grace B.V., Amicon^ 
division, The Netherlands) and subsequently collected by 
precipitation in 80% (v/v) aqueous acetone at -20°C. 1-SST and; 
l-FFT (each 50 fig) were dissolved in SDS-buffer (Laemmli, 
5 1970) and separated on a pre -cast ExcelGel SDS, gradient 8-18. 
Proteins were stained with Coomassie Brilliant Blue according 
to Rosenfeld et al. (1992) . The stained l-SST (2 bands; due to 
its intrinsic lability 1-SST is cleaved by the SDS treatment) 
and l-FFT bands were excised with a scalpel and washed, dried 

10 and partially rehydrated according to the procedure of 
Rosenfeld et al. (1992). Sequencing -grade trypsin (0;5 #g;*, . 
Boehringer, Germany) was added to the gel slice, 1 and\ih-;gel/:- ; ; ; 
digestion of the proteins was carried out for 4 h at 30°G. Thei 
resulting peptides were recovered by two extractions of i2 ? d ? -"m£n? 

15 each, with 50 jxl acetonitrile, water, trif luoracetic acid anti#: 
Tween 20 (60:40:0. 001 : 0 . 0002 , v/v) . The resulting peptide- " 
mixture was separated by preparative RP-HPLC on a 9 . T 3 x 250 mm^ 
SuperPac Pep-S column (Pharmacia) eluted , with; a... ..linear v ! 
gradient of 0,1% TFA in 0 to 60% aqueous ace tonit rileVat. } ^ 

20 flow rate of 4 ml min* 1 . Individual peptide . £rac;£io^^^^N^ 
collected manually and stored at - 80 °C. The -.amino . .acid : 
sequences of selected peptides were determined^ by ^.Edmaiv 
degradation, using a model 477A pulse - liquid .^s^e^ei^^ri^y , 
connected on-line to a model 120A RP-HPLC unit ; (i^plj£e^" 

2 5 Biosystems) . Amino acid sequences specific for IrSST, or-. ,ET^ 

were translated into the corresponding : degen^ra^ec^^ DN^^ j * 
sequences (Example 1, Table l) , which, ixij^t urn., ...were ^xg^^^^ij 
primers for PCR. ? ; 

: i r. .v; ""Mi'v 

30 DNA methodology . v . ; 'i>,L-V * ' 

DNA and RNA isolation, subcloning, restriction .analysis, ancjte : 
sequencing were performed using standard methods described vin?fc- v 
molecular biology manuals (Sambrook et al. 1989, Ausubel et 3 
al. 1994). . tibJ ? :-A;.^,JSi^^. ! • 

: . ;: •„'fc%iSj.»i ' 

; 
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cDNA synthesis .-^ 

Poly (A) *RNA was isolated from tubers of H. tuberosus 
'Colombia'. Single stranded cONA was synthesized by reverse 
transcriptase from 10 fi$ poly (A) +RNA by priming the poly (A) + RNA 
with the following tail specific primer: 5'- 
CCGAATTCAATACGACTCACTATAGCG (T) u - 3 ' 




PCR 

Degenerated oligonucleotides specific for l-SST or l-FFT 
10 and the tail specific primer, 5' -CCGAATTCAATACGACTCACTATAGCG- 
3' were used for amplification of the single strand cDNA. PCR 
was performed in 50 /xl PCR buffer (Life' Technologies') ^if^JfS"' 
containing 100 pmol cDNA template, 100 pmol . of- the/^tail^^||# 
specific primer and 100 pmol of primers specif ic^f or-'psSr oi^^^l| 
15 l-FFT- Amplification involved 30 cycles of denaturing; :li r lmin 

92°C) , annealing (1 min, 42°C) and ampl if icat ion ^t* v #tih *.v^]jP; 
72°C) . The resulting fragments were electrophoresed in . 0.7%; ^ 



20 




screen a Uni-ZAP XR cDNA library. 



Construction and screening of a cDNA library 



Ten jig of poly(A)+RNA isolated from tubers of H . 1 \tuberosus 
25 'Colombia' was used as starting material for the const ruction; ■ 
of an Uni-ZAP 
plating and screening 

to the protocols developed by. Stratagene* ^ [t$a±^^ r ~, 





California, cat. no. 237211). 32 P - labelled DNA.probes specif icp^f^f 
for 1-SST or l-FFT were prepared by random -ol igpnucleg£ ide^S^I*-* 
priming and used to screen about 



Hybridization and washing of Hybond-N membrane :were^fer^c^ed^ "^^5 
under high stringency conditions (hybridization at : 65.?C^ r xijialw- ..-sp? 
wash step with O.lxSSC, 0.1% SDS, 65? C) vr ^os iti^e , gjig 1 ^^^^^!^ 
purified, the pBluescript phagemids excised /frpm^the.^ 
vector using the Exassist/Solr system {Stratsigehe)> /an^^t^e^^^^^ 
analyzed by restriction enzyme analysis, hybridisatibn^^jgM* 



inserts 
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and sequencing. 

Analysis of transgenic plants 

5 Analysis of sugars and fructans 

50 mg of leaf tissue was frozen in liquid N 2 and homogenized 
in 0.1 cm 3 Milli Q water in an Eppendorf tube. The homogenate 
was heated to 90°C for 5 min, then centrifuged at 14,000 g for 
. 10 min. The clear supernatant was analysed by TLC: 2 /zl of the 
10 supernatant was spotted onto a silica gel G 1500 (Schleicher 
& Schuell) plate. TLC plates were developed " two times with 
either acetone, water (9:1, v/v) , or butan-l-ol, propan-2-bi ,s 
and water (3:12:4, v/v). Carbohydrates were visualized/ by]' 
spraying the TLC plates with urea -phosphoric acid' (Wise et-al.;;. 



15 1955} . 




assay 

Leaf tissue (50 mg) was frozen in liquid N 2 and homogenized • 
in an Eppendorf tube in 0.1 cm 3 25 mol m° phosphate (P) buffer;;*' 

20 pH 6.5, containing, 2 mol m* 3 MgS0 4 , 2 mol nf 3 Na 2 EDTA, 2 mol nf 3 r 
PMSF (Sigma, USA) 2 mol m" 3 DTT, 1.5% (w/v) soluble PVPP (Merck! , 
and 20 mol nr 3 Na 2 S 2 0 5 . The homogenate was centrifuged -at; f 14 ,:0^0s 
g for 10 min at 4°C. The clear supernatant was used for- Vthei?i^ 
FFT assay. Fifty fil of the supernatant was mixed with 50 jil of} 

25 an assay mixture, containing 2 mol m-" 3 G- <F) 3 , 80 mol ; m* 3 ^Gr.rF)^,^ 
50 mol m" 3 citrate/phosphate buffer, pH 5>5y and') 0 }}O^J^!0^^ : 
NaN 3 . The assay mixture was incubated in- the dark^afo &Bi?£^£\ 
Samples of 15 fil were taken after 4, 20, 44 . and* 68 Hh^bfy* 
incubation, and analysed by TLC. ; r : - V #<id« foyf 

30 EXAMPLES ^ : . - 

Example 1. Purification of the sucrose: sucrose 
fructosyl transferase (1-SST) and fructan fructosyltransf erase 
(1-FFT) , and isolation of 1-SST and 1-FFTr ; encoding- ^^s a ^M 
35 1-SST and 1-FFT were purified from tubers of Heli^t&us;* 

tuberosus using precipitation techniques, several successive' 
chromatography procedures and electrophoresis . Fractiong^with 
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l-SST-activity, eluting from the Mono Q column gave one; band ^->^,L2 



after native PAGE. 1-SST is cleaved by SDS, therefore analysis v/. 
by SDS PAGE yielded two bands of 27 and 55 JcDa (Fig.. 1, lane 
2) . Fractions with l-FFT- activity eluting from the Superdex 75 
gel permeation column gave on SDS PAGE one band with an 
estimated molecular weight of 70 kDa (Fig. 1, lane 3). 1-SST 
alone was able to synthesize oligof ructans from sucrose as a 
sole substrate (Fig. 3A, 80 h of incubation) . By recombining 
purified 1-SST with purified l-FFT, sucrose could be converted 
into f ructans with a deree of polymerization of at least 15 /..:•,: K\'f 
[G-(F) I4 , Fig. 3B, 80 h of incubation]. . ; ,;.•>, 

For amino acid sequencing by the. : Edmaii^^g|;||| 
(phenylisothiocyanate) degradation method, the 27 . kDa MrSST) >-^^|?f^^ 
55 kDa (1-SST) and 70 kDa (l-FFT) protein bands^ ^er^%Wi^e^^ n ^ 
from the SDS PAGE gel and subjected to proteolyticHdig^ 
by trypsin. The resulting peptide mixtures were separated by' 
RP-HPLC in separate runs (Figs 2A-C) . The peptides -eluting* : . 
after 26 min and 37 min (both from the, 25 W^ifr^gm^ 
SST, Fig. 2A) , 27 min, 34 min and 37 .min ; ; ( from^he ^55; '"J*^'"i^lMf 
fragment of 1-SST, Fig. 2B) , 28 min, and 32 .min.. ; (f roitu "l^^F^T " 
Fig. 2C, the fraction eluting at 32 min contained s the, peptide ^If^i^^ 
7 and 8) were collected manually and subjected .to . N^teminal^r"^'"^^ 
amino acid sequencing (Table 1). . .. r . ^ r _. ; yt ^4^^ - 

TaJbie 1. Amino acid sequences of selected peptides ..afe^ped .,/; .;^ r ' 
after tryptic digestion of 1-SST (25 .and 55. tta^6£ 

and l-FFT, and separation of the resulting peptide mlxtureis byfy-hM-:K^% 



RP-HPLC. 



30 protein 



amino acid sequence DNA sequence^ of rPCR-primex^ 



1 1-SST, 25 kDa ADVLF? 7TTSEGSVAR 

2 idem EQLPVYFYIAX 

3 1-SST, 55 kDa WLDLETK 

4 idem FRDPSTLWL?PDGEY 

5 idem GWANIL 

6 l-FFT GWATVYNVGR 

7 idem LLVDHS I VEGFAQGGR 

8 idem VGESDS 



'r 



5 1 - GARCARYTNCCNGTNTAYTTYTAYATH-7 ; - . 
GCNAAR- 3 • " ' ' : ' * ' - ^v-^ ^i^^- ^ 



5' -GGNTGGGCNACNGTNTAYAAY 



i . 



5' -ATHGTNGARGGNTTYGCNCAR-3' ''iffifiS 
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Amino acid sequences 2 (1-SST, 25 JcDa) , 6 and 7 (1-FFT) were ^ 
used to design DNA primers specific for 1-SST or 1-FFT which 
were used for PCR. PCR using primers 2, 6 or 7 yielded DNA of 
about 450, 800 bp and 300 bp, respectively. Nested PCR, using 
5 oligonucleotide 7 as specific primer and the 800 bp PCR 
fragment as template, again yielded the 300 bp PCR fragment 
which indicated that the 300 bp fragment is included in the 
800 bp fragment. 
An Uni-ZAP cDNA library constructed from mRNA isolated from 

10 H. tuberosus tubers was screened with either the 450 bp 1-SST 
or the 800 bp 1-FFT fragment. Screening of about 100.000 cDNA 
clones yielded about 20 positive clones hybridizing to the -450;.' 
bp fragment and 25 clones hybridizing to the 800. bp fragments i: f 
DNA of clones hybridizing to the 450 bp f ragmeiit^ did^nbt; 

15 hybridize to the 800 bp fragment and vice versa. Positive|VV 
clones were purified, the pBluescript phagemids excised frcm ' ' 
the uni-ZAP vector and the insert characterized by restrictipni- 
enzyme analysis, hybridization and sequencings v ~ ' 
The DNA sequences of 1-SST and 1-FFT and their .c^^responding^ 

20 amino acid sequences are presented in Fig 4A and -/-Fig .4B^ - . 
respectively. Sequence ID. No. 1, encoding. l-SST, has an,:op^ ; .■<■ 
reading frame of 1890 base pairs and encodes . a .protein of ;.JS3;Ql 
amino acid residues. On DNA level, 1-SST shows. a,.68%^identity|\ ^i■ 
with soluble acid S-f ructofuranosidase (« acid invertasej cDNA ; 

25 from carrot (Daucus carota) . At the amino acid level.,. m 1 -,S,S^ . ; 
shows a 66% similarity with soluble acid &rt ructofuranosidase : f v 
from carrot. . ..... . t ^ «3S£\. § 

Sequence ID. No. 2, encoding 1-FFT, has an open reading tf rame^ : . . 
of 1845 base pairs and encodes a protein-.of : ;,6l5, v j^^ 

30 residues and a molecular weight of about. 69 . .kDa-..: This/ 
corresponds to the molecular weight of the pur^ie^^l^^|^' ; .- f 
protein as established by SDS-PAGE (Koops and Jonker, .. 1994 \)^" ' 
On DNA level, 1-FFT shows a 65% identity with soluble .acid J5- ••, 
f ructofuranosidase (= acid invercase) cDNA, from carrot.; At thei. lv 

35 amino acid level, 1-FFT shows a 60% similarity .wi^hy^i^^v. 
acid S-f ructofuranosidase from carrot. V:< ? V f , ., iV •: . 

Although 1-SST and 1-FFT have a relatively, high^eg^ee^oj^ \ 

i.- "j . 
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homology with acid invertase it has been shown that 1-SST or 
1-FFT and invertase are distinctly different enzymes. It has 
been shown that 1-SST and 1-FFT are unable to catalyse the 
hydrolysis of sucrose (invertase activity) . Hydrolytic 
activity of purified 1-SST and 1-FFT against sucrose has been 
tested at a range of pH's and sucrose concentrations- There 
was no significant invertase activity under any of these 
conditions (Koops and Jonker 1994) . No homology higher than 
68% was observed between the DNA sequence encoding 1-SST and . - j> 
any known DNA sequence within the PDB, GENBANK , GENBANK : 
updates, EMBL and EMBL updates nucleotide sequence databases., , l. 
No homology higher than 65% was observed for the DNA yse^enclk^ 



encoding 1-FFT with any known DNA sequence within ,the PDB^^^WI 



GENBANK, GENBANK updates, EMBL and EMBL updat^s^$ut&^& idj|f 



15 sequence databases. 



Example 2. Construction of a chimeric, sst gene^ V^iti*?* |^3^|p 

The full length sst cDNA clone, designated -RSSJC, ^^^i w %f ^ S ^^^P^ 
for the introduction of an Ncol site at the ATG. (position^34^'!j^5^|^ 
and a EcoRV site downstream of the stopppdpn, (at, jp^^^ic^:^^|^ 



1924) using PCR. From the plasmid pMOG18_(Pen e.t,. al;. L/ .^jL992^1^i1 
which contains the enhanced CaMV35S. prompter ,.^ ALM£ #^d^£^ 
sequence, uidA gene and the nos terminator sequence,, %ti&iiidA 
coding sequence was replaced by the sst cDNA. pMOGlS ; was r 
digested with BamHI, filled in with Klenpw^ DN&^ppiy$erasA J ^xidu; ?4 
digested with Ncol. The sst PCR fragment, cut, ; wijth ;Nc^ : ^ax^|4^f?^ 
EcoRI, was ligated into this vector, result ing_in the, .clbneii^ 
pSST217. The EcoRI/Hindll fragment of pSST217, - ; 
complete chimeric construct <enh.35S+ALMV- sst - v nos) was^-cloned ^ 
into the EcoRI and Hindi 1 1 site of pB.INPLUS^^an rEj^^^ej^ 
al., 1995), a binary plant transformation vector deriyedfV from 
pBIN19 (Bevan, 1984) resulting in plasmid pVSl (Fig. 5A) , 

Example 3 • Construction of a chimeric 

The full length fft cDNA clone, desi< 
for the introduction of an Ncol site at .the (ppsit^ni29).3j4'S? 
and a BamHI site downstream of the stopcqdon K (at /posit^ioici"%jpr 




1874) using PCR. Prom the plasmid pMOGl8 (Pen et aL. / 1992) '! - :& ^||§& 
which contains the enhanced CaMV35S promoter, ALMV leader - 



1 .*.*'•" 



sequence, uidA gene and the nos terminator sequence, the uidA 
coding sequence was replaced by the fft cDNA. The PCR fragment 
digested with Ncol and BamHI was ligated into the pM0G18 
vector digested with Ncol said BamHI, resulting in clone 
pFFT209. The Hindlll/EcoRI fragment of pFFT209 containing the ' ">r?$pf 
complete chimeric construct (enh.35S+ALMV-ff t-nos) was cloned 
into the Hindlll and EcoRI site of pBINPLUS (Van Engelen et 
al., 1995), a binary plant transformation vector derived from 
pBIN19 (Bevan, 1984) resulting in plasmid pVFl (Fig. 5B) . , 

Example 4. Transformation of Petunia and potato plants ; j 

The binary vectors pVSl and pVFl (Fig. 5) wete -^n%gated^ : 
from E. coli XLl-Blue to Agrobacterium tumefaciens strairi'-AGiwa^! % : *l^ilp 
by triparental mating (Ditta et al., 1980). Exconjugants were 




young non- flowering plants, P. hybrida variety Wli§ ^a^,; , 
used for the transformation experiments .. Exconjugants, ,were* 
also used to transform diploid potato. (Solanuxn tuberoswn^ * ;^%?^S^^ 
variety Kardal) stem explants as described previously -^i^se^i s 
1991). After shoot and root regeneration • on *;fcana^ 
containing media, plants were put in soil and transferred.^tOc 
the greenhouse. Plants regenerated (on kansunycin^f 
from leaf discs and stem explants treated, 
Agrobacterium strain AGLO lacking a binary vectory 
control 

Example 5. Analysis of transgenic plants expressing; ; the ;js^ 
and fft genes . ... '^^[■^;^0 i - 

About 25 transgenic petunia plants and 25 transgenic, potato^ .^ r ^g^ 

plants were generated harboring the pVSl. const^u^^^nd^ 25^ ! : ^Si^fi^^i 
transgenic petunia and potato plants harboring^ . .the,; iiVEJL 
construct. Ten petunia and ten potato plants were. transformed:- ^^p^^&i^ 
with the Agrobacterium strain AGLO lacking a 4)i^ 

These plants were used as a control. Southern blot, analysis.. ^"^M^'Mk 






:■> 
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genomic DNA isolated from the transformed plants showed that 
on average 1-5 copies of the introduced chimeric genes were 
integrated (data not shown) . 
The carbohydrate composition of transgenic plants was 
5 analysed by two essentially different techniques: thin flayer ^ | 
chromatography (TLC) , which separate carbohydrates on basis of '''' ' T £00$ 
liquid- liquid partitioning (after TLC, the fructans were — * 

detected by a fructose specific colour reaction) and HPAEC, 
which separate carbohydrates at alkaline conditions (pH 13) on 
10 basis of charge, and detect carbohydrates by oxidation with a 
gold working electrode. Analysis of leaves extracts from the 
potato and Petunia plants harboring the pVSl construct* 
that both transgenic plant species contain products whi^^ar^^^^j^ 
the result of SST activity. TLC showed the piei&&&^^ : ktf^^U 
15 least the trisaccharide G-{F) 2 and most probably aiso the, J,_^V|p| 
tetrasaccharide G-(F) 3 and the pentasaccharide. G-(FJ;ri ih^;^%ife^ 
extracts of potato leaves, whereas th^se,- pligof^G^an^ ^F^l^f^^l^ 
absent in the control plant (Fig. .6) . The . PS££S?\c^^^^ 

and G- (F) 3 in leave extracts of potato but also of — -* — 

20 P . hybri da pi an t s was demons t rat ed by HPAE . analy s is 

and 8) . HPAEC, which is more sensitive and more ..specif ic^ithan^^^ 

a omal 1 am/Mint- r\€ . CI - ( ir\ : K^arieirroT» «4 Aif'^&Ml^£k&k* 



TLC, also revealed a small amount of .-.G-.(E-) 4 . Mr ±n/';fer^^§^ic^'^«#^ 
potato (Fig. 8). The results of Figs 6-8 clearly jindi gate t.hat,. '^, : -i^f- 
the sst gene is expressed into an enzynatically act^^^STc'>' 
25 protein in both P. hybrida and potato. _ .. ;:; . 0 ^;i^.^: : . :2-||lip|i 
Transgenic plants harboring the pVFi construct;, 0 didf , ; npt^ ;> 
contain fructans because FFT needs oligof ructans -(such-as ~'G^M&l^U: 
(F) 2 or G-(F) 3 ) as initial siibstrates , f the . sytithe 
fructans. Oligof ructans are not present ,,in plants- JL^%l?-ing^SS^^ 
30 activity such as wild type potato or Petunia, tl p±,:J^ 

plants only containing the pVFl construct. The presence .of FFT^ . . . ^ : y : :?fp 
activity in transgenic plants harboring the- . pVFl.*cqns£ru$t $- xs£:-*.?#t&£y&, 
therefore verified by FFT activity measurements,, „Jhe; fft .assav ^ 
used to- evaluate the presence of an active 
35 potato was based on the ability of ..EFT.. tp 2 catai^s|^t4^5-^|M 
synthesis of G-(F) n , n>4, at the expense qfi, G* (.F.) $fce ^|^ al ?j4^| W 
leaf protein extract from potato plants ...harbprijig^^lie^^gl^^^^^ 

, ' in ^-4^^U -^W^ 
:.■> ....•«, I t . 
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construct, was mixed with an G- (F) 4 containing assay mixture,,.//; 
and the presence of fructans with a higher degree of 
polymerization (G- (F) 0/ n>4) was examined by TLC. Already after 
4 h of incubation, G-(F), and G-(F) 6 could be detected. After 
5 44 h of incubation, fructans with a degree of polymerization - 
higher then 4, including G-(F) 4 , G-(F) 3 , G-(F) 6 , G-(F) 7 and. 6.-. 
(F) 8 , could be detected, whereas these fructans were absent in 
the control mixtures (Fig. 9). This indicates « that also the 
fft gene is expressed into an enzymatically active FFT 
10 protein. 

■ -TV vrVv-' 

DESCRIPTION OF THE FIGURES *"^Vc1- 

Fig. l. Analysis of Mono Q fractions of l-SST pUrif iCa:t:iqI^~ 
and Superdex HR 75 fractions of 1-FFT purif icatic^:^^;SE)S^ : 

15 PAGE. Lane 1, Molecular Weight marker (MW is given in kDa) , 
lane 2, Mono Q fraction with l-SST activity; lane 3, Superdex i 
HR 75 fractions with 1-FFT activity. .^ipa/ ' r^£ivz& y ^ . 

Fig. 2. RP-HPLC separations of tryptic digests. .of.: ^ij^tjie ^a :; 
kDa polypeptide of l-SST (A); b. the 55 kDa polypeptide, o% ' 

20 SST (B) ; c. the 70 kDa l-FFT polypeptide (C) ; t F^e^eli^ing^ \ 
peptide fractions indicated with arrows were v cplljBjCt^v ;> 
manually and subjected to amino acid sequencing. ■; 'pV/^i-*^ : ^3 ■ 

Fig. 3. HPAEC separations of oligof ructans synthesizeci f rom, 
sucrose by purified l-SST (A) and by a mixture of .purified i> : ; 

25 SST and purified 1-FFT (B) . The reactions were, performed; in /. 
100 mol m* 3 sucrose, 2 mol m* 3 DTT, 10 mol m* 3 citrate/phosphate v 
buffer, pH 5.0, 0.01% Na-azide at 25°C. Reaction time was 80,; 
h. Reaction was stopped by boiling the reaction mixture for; : §y[ 
min. Rhamnose was used as an internal standard., . ^u Vl ii^ 

30 Fig. 4. Nucleotide sequence and deduced amino, acf d; se(^^c^;v : 
of the isolated l-SST (A) and 1-FFT (B) cDNA. The amino, acids., 
determined by amino acid sequencing (see also Table l^.jDt^the^ \ 
purified l-SST and 1-FFT proteins are underlined. -\- 
Fig. 5. Gene constructs pVSl (A) and pVFl (B).. The £ ch^e?i<§W ■ 

35 constructs consist of the enhanced CaMV35S .promoter ..with ALMV 
translational enhancer (X), the coding sequence of sst {Y^o^Y' ■ 
fft (W) # and the nos termination signal (2) . Restriction sites,' 
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which were used in the cloning procedure are indicated 

Fig. 6. TLC analysis of fructans in transgenic pdta'td-plants^ 
harboring the pSFl construct. TLC plates were developed twice 
in 90% aqueous acetone. S=sucrose standard, G«glucose- 
standard, F=fructose standard, H=standard fructan mixture from 
tubers of H. tuberosus, N=Neosugar standard, K=G- (F) 2 - 
standard. No 1-6 represent individual potato plants harboring 
the pVSl construct. C is control plant harboring the AGLO 
construct . 

Fig. 7. HPAEC separations of carbohydrates extracted from 
leaves of Petunia hybrids harboring the pVSl construct (a) , a 
standard fructan mixture extracted from H. tuberosus 
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(b) , and carbohydrates from leaves of the control^ * :Pett2nija fc '^l??M^^ 
harboring the AGLO construct (c) . . S^^^m§^:l '^S^Mt 

Fig. 8, HPAEC separations of carbohydrates extracted- f rom 




leaves of potato (Solanum tuberosum) harboring the-.pVSl 
construct (a), a standard fructan mixture. extr^ct ( ed ■£ rom -fL^WS*^ 
tuberosus tubers <b) , and carbohydrates,, fr^ - — ■ ^ 

control potato harboring the AGLO construct 
Fig. 9. TLC analysis of fructans . synthes, 
protein extracts from leaves of . transgenic.; .pptjatQ^l^ant^y^i 
harboring the pVFl construct. TLC plates were. t deyel ppe^d^^i qe^ 
in butan- 1 - ol , propan- 2 - ol and water ( 3 : 12 : 4 , v/v). . : : ; S«sifcrose> 
standard; N=Neosugar standard, H«standard fructan mixture,! rom- 
tubers of H. tuberosus. No 1-8 represent different • individual 
transgenic potato plants harboring the. pV?\ ^^^^^i^^^S^ 
C. are control plants harboring the AGLO construct,^^:- A 

DEFINITIONS AND ABBREVIATIONS . ..... . . . ^ ; . j;'' 

Fructan nomenclature is as according to Lewis (1993,)^ l^4-^> 3»' 
Fructosyl unit: a fructose molecule linked to; another^ sugar •? 
molecule (e.g. glucose, fructose or galactose),, v .Jtob^^ 
-F (e.g. in G-F) or -F- (e.g. G-F-F) . Eor.molqcu]^ 
of more then one fructosyl unit (e.g r . a-?-F-F-r-;F^ . 
condensed notation is used [G- (F) 6 ) or.,G^ : G^?): 6:i cp^jLp ,o||f 
one glucosyl and 6 fructosyl units.. G- (E) 6 .consists, p§.j^on^:'i:$ 

i lis ,i . ■ ■ *•*.■ 
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fructosyl -glucose linkage and 5 fructosyl -fructose linkages. 
Oliffo fructans: Any confound with one, two, or three fructosyl - 
fructose linkages (a glucose may be present but is not 
necessary) . In the present application, the term oligof ructans 
5 was used to denote the products of SST-activity [G- (F) 2 / G- (F) 3 
and G- (F)J . Oligof ructans are more generally denoted as short 
chain fructans or fructans with a low degree of 
polymerization. In the present application oligof ructans also : 
include compounds consisting of 2, 3 or 4 fructosyl units, but 

10 lacking the glucosyl unit. 

Fructans: Any compound in which one or more fructosyl -fructose ., 
linkages constitute a majority of the linkages (a glucose: may, ■ 
be present but is not necessary). Fructan is used as i 
numerative noun where the materials referred to are ^cli^li'caliy 

15 distinct (e.g. the fructans G-(F) 2 and G-(F) l3 . In the present 
application, fructans are defined as the products of -FFT \ 
activity {G-F 0 , 2sn<±60) . Unless indicated otherwise ^X^uctauis> 
include also oligof ructans . To denote a restricted ? :grqup^pf;': 
fructans the n G-F n , n«.. w notation is used. : ^In the preaeti£}..v 

20 application fructans also include compounds consisting <of -.;in6jggg 
than 1 fructosyl unit, but lacking the glucosyl t unifer / g^J^'^ 
Inulin: Fructan that has mostly the S- 2, 1- fructosyl -fructose; 
linkage (a glucose may be present, but not is necessary ),.,<. , 
Cumulative vs. numerative usage as a noun . is, the^ same^as ^EQtr r • 

25 fructan above. ^.z>^:yl 

Levan: Fructan that has mostly the S-2, 1- fructosyl -fructose*;;, 
linkage (a glucose is allowed but not necessary)^ L^gni^^U 
also used to denote fructans from bacterial origin^^althou^ 
bacterial fructans do not always consists of , prectomin^ntl^ S^; ; 

30 2,6 fructosyl -fructose linkages. For example, the f ructansv : 
synthesized by levansucrase from Bacillus subtilps } ; - : hay^,. ; 
predominantly 15-2,1- fructosyl -fructose linkages,^, (dnulir^)^ : 
Cumulative vs. numerative usage of levan. as .a noun :} is th^a^^;*: 
as for fructan. ? ^ ^rcuc 

35 Levansucrase: Enzymes from bacterial origin : 4:hat v ar£^ 

in the synthesis of fructan. rtiM* ^: r^iEk- 

Sucrose : sucrose fructosyl transferase (SST), : Bl.^n.& - der iyed[ : t 
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enzyme catalyzing the initial step of f ructan '■ syn^h^sis^^^fl^ 
(reaction 2) . Enzyme can also be involved in the synthesis of 
oligofructans [G-(F) n , 2*n*4] (reaction 3)- In the present : \'J J /: - r 
application, the designation SST can include either l-SST, an r | 
SST form involved in the biosynthesis of oligofructans that ' ^.Vrffi 
has mostly the £-2, 1-fructosyl-f ructose linkage; or 6 -SST, an 
SST form involved in the biosynthesis of oligofructans that 
has mostly the S-2 , 6- fructosyl- fructose linkage; or l-SST and y 

6-sst. : 

Fructan : t ructan fructosyltransf erase (FFT) : Plant-derived 
enzyme involved in the synthesis of fructans. Enzyme capable j ,u V ^ 
of catalyzing the synthesis of oligofructans and fructans' of^ . .'-vial 
a higher degree of polymerization. FFT from H. . tuJberosi^.vha^^|||^p 
overlapping activity with SST from H. tuberosus ( reaction 3) , 
but cannot catalyse the initial step of fructan synthesis 
(reaction 2) . In the present application, the designation FFT 
can include either l- FFT, an FFT form 
biosynthesis of oligofructans that has^ mos.tly ..tixej.^s/^; 
fructosyl -fructose linkage; or 6 -FFT,, an FFT form iriyolve'cl in \''M 4 0 r Mm 
the biosynthesis of fructans that has mostly .the " ;S;rJ2 # 6-£,' ""' . jSK 
fructosyl -fructose linkage; or l-FFT and 6-,FFT_. \y^^M^' * 
Invertase: S-f ructosidase or £-f ructofuranosidase. : ; v 1 
Degree of polymerization (DP) : term to indicate .the, :: tqtaX , . ^ :l .] ( y 
amount of fructosyl and glycosyl residues ; < .f .or, e^caunple , *>G'** fF) ||^||^| 
has a DP of 3. The n- value in G-F n increases with jan/incre^ 
degree of polymerization. . ci . I: ,,. T ;. . . i^M^H^t 

Fructan profile: term to describe, the:^ .;Cg^tan ^ty^|j^* 
size/distribution pattern, or alternatively, ' the rjaiative^ r . 
amounts and kinds of fructans, in an ^tr^ct..^ 
derived from a plant, plant organ or plant cell. The currently r ; > 




most reliable method to analyze a fructan ..pattern .o^-^an 
extract is by high performance anion .exchange, xhroi^ 
and pulsed amperometric detection (Chacterton^^a^ : ; l||0^ h 
Helianthus tiiberosus: Jerusalem artichoke. t ... .',.\- ./v ^\.*:% * ^:;^pMl ^ 
Cicborium intyiwis: chicory. r>.-. r : rr A ^is^i-^S^: ^-'"f !If 

HPLC: Hiqh Performance Liquid Chromatography. Technique -for;-; 
the s°oaration of complex mixtures of compounds. Variants on Afj^r 



WO 96/21023 



PCI7NL96/00012 



29 



■I 



phased 



this technique are high performance reversed- 
chromatography {RP HPLC) or high performance anion exchange 
chromatography in combination with pulsed amperometric 
detection (HPABC-PAD, see for example Fig, 3) . 
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1. A DNA fragment having a nucleotide sequence SEQ ID No.l as 
shown in Fig. 4A or a homologous sequence having a similarity 

5 of at least 70% encoding 1 - sucrose : sucrose 
fructosyltransf erase • 

2. A DNA fragment having a nucleotide sequence SEQ ID No. 2 as 
shown in Fig. 4B or a homologous sequence having a similarity 

10 of at least 70% encoding 1 - f ructan: f ructan 
fructosyltransf erase . 

3 . A DNA fragment according to claims 1 or 2 having a 
similarity of at least 85%. 

15 /• ^ \.< " t 

4. A recombinant DNA sequence comprising one or more VDNJ^-;? ? 
fragments as defined in claims 1 to 3. J, " 

5. A recombinant DNA sequence comprising one or ^ore Dlg^ . 
20 fragments as defined in claims 1 to 3, said f ragment,(;S ; )| >^e;L^&;^ 

present in the inverted orientation. 

6. A method for producing a genetically transformed host,/: 
organism showing a modified fructan profile,..^ , 

25 the steps of: . : , vlf:? * ^^;^s^|>/ 

i) preparing a chimeric gene construct comprising . one or -mp^ " 
DNA fragments as defined in claims 1 to 3, or said DNA/ 
fragments in the inverted orientation, operably linked*, t£>. ■jsjyr; 
promotor sequence active in said host organism and a 

3 0 terminator sequence active in said host organism, 

ii) introducing the chimeric gene construct into the genome -of 
the host organism. ^ 

7. A method according to claim 6, wherein said host organism; 
35 is a plant, and the method additionally comprises .the .step 

iii) regenerating the transformed plant cells to transgenic, plar^^\ • 
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8. A transformed plant produced by the method of -xlaiiid^; ; & 
a plant cell, seed, fruit, seedling or any plant part 
harboring said chimeric gene construct. 
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GGCACGAGAAAAAACCCTCCCTCAGGCCACCACATGATGGC7TCATCCACCACCACCACC 60 



FIG. I 



MMASSTT7T 
CCTCTCATTCTCCATGATGACCCTGAAAACCTCCCAGAACTCACCGGTTC7CCGACAACT 120 

PLILHDDPENLPEL7GSP77 
CGTCGTCTATCCATCGCAAAAGTGCTTTCGGGGATCCTTCTTTCGGTTCTGGTTATAGGT 180 

RRLSIAXVLSGILVSVLVIG 
G CTCTTGTTG CTTTAATCAAC AACCAAAC ATATG AATCCCCCTCGGCCACCACATTCGTA 240 

ALVAL I NNQ7YESPSA77FV . 
AC7CAG77GCCAAA7A77GA7C7GAAGCGGG77CCAGGAAAG77GGA77CGAG7GC7GAG 300 

7QLPN I DLKRVPGKLD S S AE 
GT7GAA7GGCAACGA7CCAC77A7CA7777CAACCCGACAAAAA777CA77AGCGA7CC7 360 

VSWQRS7YKFQPDXNFISDP . -ij *- 

GA7GGCCCAA7G7A7CACA7GGGA7GG7A7CA7C7A7777A7CAG7ACAACCC7CAA7C7 420 ; \, 

DGPMYHMGWYHLFYQYNPQS 
GCCA7C7GGGGCAACA7CACA7GGGGCCAC7CGG7A7CGAAAGACA7GA7CAAC7GG77C 430 

AIWGNI7WGHSVSKDMINW F ' I • 

CA7C7CCC777CGCCA7GG77CC7GACCA77GG7ACGACA7CGAAGG7G7CA7GACGGG7 540 \ 

HLPFAMVPDHWYD I EGVM 7 f'^^f 
7CGGC7ACAG7CC7CCC7AA7GG7CAAA7CA7CA7GC777AC7CGGGC^CGCG7^7GA7 600 ^ ' ^ 
SA7VLPNGQIIML Y.S. G.N A Y . D x!'V : - 
C7C7CCCAAG7ACAA7GC77GGCG7ACGC7G7CAAC7CG7CGGA7CCAC77C77A7AGAG 660 

LSQVQCLAYAVNSSDPL L. I~,,E,,. , ' ' . 
7GGAAAAAA7A7GAAGG7AACCC7G7C77AC7CCCACCACCAGGAG7AGGC7ACAAGGAC 720 

WXXYEGNPVLLPPPGVGYX.D, 
777CGGGACCCA7CCACA77G7GG7CGGGCCC7GA7GG7GAA7A7AGAA7GG7AA7GGGG 780 



AA7G77AAG7ACG7G77GAAACAAAG7GGGGA7GAAGA7CGCCA7GA77GG7A7GCAA77 1020 • 

NVXYVLXQSGDEDRHDWYA I 
GGAAG77ACGA7A7AG7GAA7GA7AAG7GG7ACCCAGA7GACCCGGAAAA7GA7G7GGGJ 1080 





; ~ : 1 T^ri v £ 5. ' 1 £ 1 ; . 
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FIG. 4 

AAAACCAATTTGATTCAATGGCCAATCCAGGAAACCGAAAACCTTAGGTCCAAAAAGTAT 1320 
_K TNLIQWPIESTEKLRSXKY 
GATGAATTTAAAGACGTCGAGCTTCGACCCGGGGCACTCGTTCCCCTTGAGATAGGCACA 1380 

DSrKDVELRPGALVPLEIGT 
GCCACACAGTTGGATATAGTTGCGACATTCGAAATCGACCAAAAGATGTTGGAATCAACG 1460 

ATQLDIVATFEIDQKMLEST 
CTAGAGGCCGATGTTCTATTCAATTGCACGACTAGTGAAGGCTCGGTTGCAAGGAGTGTG 1500: 

L E APVLFNCTTSE GSVAR S V 

TTGGGACCGTTTGGTGTGGTGGTTCTAGCCGATGCCCAGCGCTCCGAACAACTTCCTGTA 1560 

LGPFGVVVLADAQRS E O L P V 
TACTTCTATATCGCAAAAGATATTGATGGAACCTCACGAACTTATTTTTGTGCCGACGAA 1620 

Y E y I A K DIDGTSRTYFCADE 
ACAAGA7CATCCAAGGATGTAAGCGTAGGGAAATGGGTGTACGGAAGCAGTGTTCCTGTC 1680 ^ 

TRSSXDVSVGKWVYGSSVpV 
CTCCCAGGCGAAAAGTACAATATGAGGTTATTGGTGGATCATTCGATAGTAGAGGGATTT 1740 

LPGEKYNMRLLVDHS IV E G FT^T/ 'f- ' ^'j 1 

gcacaaj^cgggagaaccgtggtgacatcaagagtgtatccaac^ / : JH^ 

AQNGRTVVTSRVYPTKAIY' N 



GCTGCGAAGGTGTTTTTGTTCAACAACGCGACTGGAATCAGTGTGAAGGCGTCGAT 60 ' 

AAKVFLFNNATGISVXA S I^K, ^ .' ' ' 

ATCTGGAAGATGGGGGAAGCAGAACTCAATCCTTTCCCTCTTCCTGGGTGGACTTTCGAA 1920 V 
XWXMGEAELNPFPLPGW T. . F, '..£... . 

CTTTGATGGTTATA7TTTGGACCCTATATATGTGTTATTATCATGATGCTTATATTTTGG 1980 
L 

ACCC7ATATATGTGTTATTATCATGAAGCATAAGTTTGGACTGGAGGGGGTATTATTGTA 2040 < J 
ATTTTATATGCATGTTCTATTACTTGTGAGGTTATAGTATGTAATTAAATTATTATATAC 21.06Ls ''1 k ^ 
TATATCAATTTCTAAT • ! \y\3-ia6 " ■ £V«\'r 
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B. SEQ ID. NO. 2. ^/12 ' \f- [[ , 

FIG; A 

GGGACGACTACCACTCCAGTCACTCACCATGCAAACCCCTGAACCCTTTACAGACCTTGA 60 

MQTPEPFTDL2 
ACATGAACCCCACACACCCCTACTGGACCACCACCACAACCCACCACCACAAACCACCAC 120 

HEPHTPLLDHHHNPPPQTTT 
AAAACCTTTGTTCACCAGGGTTGTGTCCGGTGTCACCTTTGTTTTATTCTTCTTTGGTTT 1 80 

KPLF TRVVSCVTFVLFFFGF. 
CGCTATCGTATTCATTGTTCTCAACCAACAGAATTCTTCTCTTCGTATCGTCACCAATTC 240 

AIVFIVLNQQNSSVRIVTNS 
GGAGAAATCTTTTATAAGGTATTCGCAGACCGATCGCTTGTCGTGGGAACGGACCGCTTT 300 

EXSFIRYSQTDRLSWERTAF 
TCATTTTCAGCCTGCCAAGAATTTTATTTACGATCCAGATGGTCAGTTGTTTCACATGGG 360 

HFQPAXNFIYDPDGQLFHMG - ■ ' 

CTGGTACCATATGTTCTATCAATACAACCCATACGCACCGGTTTGGGGCAATATGTC ATG 420 

W Y H M F Y Q Y N ? Y A P V W G N M S „ W. . 

GGGTCACTCAGTGTCCAAAGACATGATCAACTGGTACGAGCTGCCAGTCGCTATGGT^ J 

GHSVSKDMINWYELPV A M V • P-fc' Mk r ' 

.•. t ? i'i:; v>Vj OV£.\i3 , 

GACCGAATGGTATGATATCGAGGGCGTCTTATCCGGGTCTACCACGGTCCTTCCAAACGG'-'S^Ov V $ j 

T E W Y D I EGVLSGSTTVL P . N ■ G ' i 

TCAGATCTTTGCATTGTATACTGGGAACGCTAATGATTTTTCCCAATTACAATGCAAAGC 600 a : ". 

Q I FALYTGNAND F S Q L Q C ' K .-A- . J 
TGTACCCGTAAACTTATCTGACCCGCTTCTTATTGAGTGGGTCAAGTATGAGGATAACCC .660 - y 

VPVNLSDPLLI EWVXYSDNP 
AATCCTGTACACTCCACCAGGGATTGGGTTAAAGGACTATCGGGACCCGTCAACAGTCTG 720 

ILYTPPG IGLXDYRD P. .S^T^y^^j^ / \ I': 
G AC AGGTCCCG ATGG AAAGCATAGG ATG ATC ATGGGAACTAAACGTGGC AATACAGGCAT. ^ 7*8 0.,: ' i ^ 

TGPDGKHRMIMGT X ~R , G.,, tJ* ^0!:^^^ A^* -^'^ : 
GGTACTTGTTTACTATACCACTGATTACACGAACTACGAGTTGTTGGATGAGCCGTTGCAu 840 1 

VLVYYTTDYTNYEL L,. D E pj H V- ^ ^ :1 
CTCTGTTCCCAACACCGATATGTGGGAATGCGTCGACTTTTACCCGGTTTCGTTAACCAA 9 00 

SVPNTDMWECVDFYPVSLT N 
TGATAGTGCACTTGATATGGCGGCCTATGGGTCGGGTATCAAACACGTTATTAAAGAAAG 960 • :f 

D 5ALDMAAYGSG I KHV I X E S 
TTGGGAGGGACATGGAATGGATTGGTATTCAATCGGGACATATGACGCGATAAATGATAA ,1020 . 

WEGKGMDWYS I G T Y . D . A„ I_.IL Jb* ^KI^vI'^ "■ I'*''] : 
ATGGACTCCCGATAACCCGGAACTAGA7GTCGGTATCGGGT7ACGGTGCGATTACGGGAG-.i^ 

■■ *' « ^ ; v. -f^nr ^'V.bw , 

HTPDNPSLDVGZ. GL R . C . D. . Y JS *>;V : X liV- ■ ,1 ^ 



WO9«21023 PCITNOiMOOoia 



7/12 



FIG. A 

G777777GCA7CAAAGAG7C777A7GACCCA77GAAGAAAAGGAGGA7CACT7GGGG77A X140 

FFASKSLYDPLKKRRI 7 W G Y 

TGTTGGAGAATCAGATAGTGCTGATCAGGACCTCTCTAGAGGATGGCCTACTGTTTATAA 1200 

V G E S D S A D Q D L S R G W A 7 V Y N 

TGTTGGAAGAACAATTGTACTAGATAGAAAGACCGGGACCCATTTACTTCATTGGCCCGT 1260 

V G R TIVLDRKTGTHLLHWPV 
TGAGGAAGTCGAGAGTTTGAGATACAACGGTCAGGAGTTTAAAGAGATCAAGCTAGAGCC ■: 1320 

E E VE S LRY NGQE F K E I KLS P. 

CGGTTCAATCATTCCACTCGACATAGGCACGGCTACACAGTTGGACATAGTTGCAACATT 1380 

GS I IPLDIG7A7QLD IVATF 
TGAGGTGGATCAAGCAGCGTTGAACGCGACAAGTGAAACCGATGATATTTATGGTTGCAC 1440 

EVDQAALNATSETDD I YGCT 
CAC7AGC77AGG7GCAGCCCAAAGGGGAAG777GGGACCA777GG7C77GCGG77C7AGC 1500 

TSLGAAQRGSLGPFGLAVLA 
CGATGGAACCCTT7CTG AG7TAACTCCGGTTTATTTCTATATAGCT AAAAAGGCAGATGG. "1 5 60 V i 

DGTLSELTPVYFY I A K 

aggtgtgtcgacacatt?7tgtaccgataagctaaggtcatcactagatta*gXt^tc^ 

GVSTHFCTDKLRSSLDtf d] G ■ ..^ ''^'5 
GAGAG7GG7G7A7GGGGGCAC7G77CC7G7G77AGA7GA7GAAGAAC7CACAA*C^ 

RVVYGG7VPVLDDEEL T M ,; R. L \0 C 
A77GG7GGA7CA77CGA7AG7GGAGGGG777GCGCAAGGAGGAAGGACGG77A7AACA7C 1740 

LVDHS IVEGFA OGGR 7 V I \ T S . 

AAGGGCG7A7CCAACAAAAGCGA7A7ACGAACAAGCGAAGC7GT7CT7G7TCAACAACGC 1800 
RAY PTXA I YEQAKL F L. F .N....n!.. A 

CACAGG7ACGAG7G7GAAAGCA7C7C7CAAGA777GGCAAA7GGC77C7GCACCM7TC^ * .■■.♦■} 

7 G 7 S V K A S L K I W Q M. A. S ' A V-H^ i<jX 

7CAA7ACCC77777AA77ACCGGC7A7CGC7A7CC77777G77A77GG7^ 

Q Y P F ' 

77AA7T77C7777AAACC77777A777GA7AAA7A77AG77C77GT7A77G7GC77CTAG 1980 
7AA7AAA7GAA7GG7G77ATGGG 2003 
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